Fourteen hybridoma cell lines secreting antibodies against the Semliki Forest virus nucleocapsid protein were established and employed for identification of conserved epitopes among 27 alphavirus types and subtypes. Using an antibody capture test, the antibodies were found to cross-react to variable degrees with alphaviruses belonging to the Semliki Forest, western encephalitis and eastern encephalitis complexes, as well as Middelburg and Ndumu. None of the antibodies reacted with either Venezuelan equine encephalitis or Barmah Forest virus. Due to their reactivity with Fort Morgan, Y62-33, Whataroa and chikungunya, the monoclonal antibodies were divided into six reactive types. Competition assays showed that the epitopes for all the types were either identical or clustered on a single domain of the nucleocapsid protein.
. Immunoblot analysis of SIN virus-specific polypeptides stamect 0y MAOs. Lane 1, nltrocellulos~ strip stained with Indian ink (Hancock & Tsang, 1983) ; lanes 2 to 6, blots with MAbs C2, C3, C8, C12 and C42 respectively; lane 7, negative control. Mr markers (Bio-Rad) were phosphorylase B (92.5K), bovine serum albumin (66-2K), ovalbumin (45K), soybean trypsin inhibitor (21.5K) and lysozyme (14.4K).
buffer pH 9.6). Detection of specific MAbs was performed using rabbit anti-mouse IgG labelled with horseradish peroxidase (HRPO) (Sigma) and o-phenylenediamine (OPD) (Bidwell et al., 1977) as substrate. From a series of seven fusions, a total of 21 hybridomas reacting with the heterologous SIN virus were isolated.
The isotypes of the NC protein-specific MAbs were determined by ELISA using HRPOlabelled goat antibodies directed against mouse IgG1, IgG2a, IgG2b and IgG3 (Nordic) . One antibody belonged to IgG1 (C23), two to IgG2a (C27 and C42), eight to IgG2b (C2, C12, C16, C28, C29, C30, C56 and C63) and three to IgG3 (C18, C22 and C36) subclasses.
The reactivity of the antibodies with viral structural proteins was tested by immunoblot ELISA. For this, density gradient-purified SIN virus was subjected to SDS-PAGE in a 10 ~ gel with a 5~ stacking gel, as described by Laemmli (1970) . Virus samples were prepared by incubation for 30 min at 60 °C with Laemmli sample buffer with and without the reducing agent 2-mercaptoethanol. Blotting and staining of the nitrocellulose were performed as described (Towbin et al., 1979) with an HRPO-labelled second antibody and 4-chloro-l-naphthol as substrate. Under non-reducing conditions, six antibodies reacted with E2, one with E1 and 14 with the core protein. Fig. 1 shows the results obtained with the SF virus E2-specific antibodies C3 and C8, and with three of the core-specific antibodies (C2, C 12 and C42). In contrast, under reducing conditions only the NC-specific antibodies maintained reactivity, whereas this treatment completely abolished the reactivity of the E2 glycoprotein-specific antibodies. These findings are in concert with the reactivity of other MAbs against the glycoproteins of the SIN virus, which showed a similar dependence on the conformational state of the E1 and E2 glycoproteins (Roehrig et al., 1982; Stanley et al., 1985) .
To confirm the reactivity of our antibodies with the NC protein, the envelope glycoproteins E 1 and E2 were separated from the NC protein by treatment of gradient-purified SF virus with Triton X-100 followed by centrifugation through a 20 ~ sucrose-0.05 ~ Triton X-100 cushion, as described by Bell et al. (1979) . SDS-PAGE showed that the glycoprotein fraction was homogeneous, but the NC fraction was slightly (to about 5 ~o) contaminated with glycoproteins. The two fractions were diluted to 4 ktg/ml with PBS and used as antigens for indirect ELISA. The 14 NC protein-specific antibodies reacted with the NC fraction only; the two E2 glycoprotein antibodies (C3 and C8) used as controls reacted mainly with the glycoprotein fraction.
For assaying cross-reactivities and for blocking tests, antibodies were concentrated from serum-free tissue culture supernatants by 50~ ammonium sulphate precipitation and purified by chromatography on Protein A-Sepharose (Pharmacia). Preparation of HRPO--antibody conjugates followed the procedure of Boorsma et al. (1979) .
Cross-reactivity of the MAbs was determined in two different tests with 27 alphaviruses (Table 1) . Seed viruses were obtained from the Yale Arbovirus Research Unit. Stock viruses were prepared from supernatant fluids of virus-infected C6/36 mosquito (Aedes albopictus) or BHK-21 cell cultures. For antigen-capture ELISA tests, the tissue culture supernatants were titrated using standard methods and were then inactivated with the alkylating agent fl-propiolactone. Optimal concentrations of capture and detecting antibodies were determined by chequerboard titrations. Pre-titrated capture antibodies were diluted in PBS and used to coat individual wells of microtitre plates by incubating them overnight (18 h) at 4 °C. Optimal incubation periods (at 20 °C) were determined to be 18 h for viral antigens, 4 h for peroxidase conjugates and 10 min for the substrate (OPD). Absorbance values were read at a wavelength of 492 nm. Negative controls consisted of spent medium from C6/36 or BHK-21 cells. A4.92 values above 0.1 after subtracting the negative controls (A492 values below 0-05) were considered positive. In order to test the possibility that the failure of some of the antibodies to react was due to low avidity, and to confirm positive reactions, the MAbs were titrated in an indirect ELISA. For this, C6/36 mosquito cells seeded into microtitre plates were infected with each of the 27 alphaviruses. Three to 4 days after infection the ceils were fixed with 10~ buffered neutral formaldehyde and the ELISA was performed as described by Figueiredo & Shope (1987) . Both the antigen-capture test and ELISA yielded consistent results. The results of the antigen-capture tests are summarized in Table 1 . None of the antibodies reacted with BF virus or with viruses of the VEE antigenic complex (VEE strains Trinidad donkey and TC83, Bijou Bridge, Everglades, Mucambo and Pixuna). Because of differences in their reactivity with Fort Morgan (FM) strain CM4-146, WEE strain Y62-33, Whataroa (WHAT) strain M78 and chikungunya (CHIK) strain ROSS viruses the antibodies were divided into six types. The first (type I) (C12, C27 and C56) reacted with all four viruses; type II (C2, C 18, C22 and C23) reacted with FM, WHAT and Y62-33, but not with CHIK; type III (C28 and C63) reacted only with FM and Y62-33; type IV (C42) reacted only with FM and CHIK: type V (C 16) reacted only with Y62-33 and WHAT viruses; type VI (C29, C30 and C36) reacted only with WHAT. From these results we concluded that the antibodies recognized six different epitopes on the NC protein.
To assess the topographical distribution of the epitopes, an antibody-blocking assay was performed (Heinz et al., 1983) . ELISA plates were coated with SIN virus as described above, except that the virus was not disrupted with urea. After blocking of non-specific binding sites with 1 ~ horse serum in PBS (30 min), twofold dilutions of concentrated MAbs in PBS-Tween 20 (0.05 ~ v/v) were added in order to block the corresponding epitope on the virus. After 1 h at room temperature, a pre-titrated concentration of HRPO-labelled MAb diluted in the same buffer was added and incubated for a further 1 h. Thereafter the plates were washed three times with PBS-0-05 ~ Tween before addition of the substrate. Reciprocal blocking assays showed that all antibodies competed with each other. The blocking of antibody pairs was always symmetrical, and no one-way reactions were observed (not shown). The binding of the NC protein-specific antibodies was not influenced by the presence of any of the two SF virus E2 glycoprotein-specific antibodies C3 and C8, and vice versa. From these results we concluded that all epitopes were similar or identical or clustered on a single antigenic region of the protein.
That most of the MAbs generated in seven fusions detected epitopes on the strongly conserved NC protein (Dalrymple et al., 1973) may have been the result of selecting supernatant fluids from hybridomas derived from mice immunized with SF virus in an ELISA using the heterologous SIN viral antigen. In addition, the use of urea-treated virus probably favoured the detection of NC-specific rather than envelope-specific antibodies because urea has been shown to remove togavirus envelopes and to expose their intact cores (Horzinek et al., 1971) .
As was predictable from the highly conserved amino acid sequences of the carboxyl-terminal regions of the capsid protein of SIN, SF (Boege et al., 1981) , VEE (Kinney et al., 1986) and BF (Dalgarno et al., 1984) , it has been possible to generate NC protein-specific MAbs against SIN virus that cross-reacted with WEE, EEE, SF and with VEE viruses (Roehrig et al., 1982) . In contrast, our MAbs detected a different conserved domain on the NC protein which is absent from VEE and BF viruses. The analysis of epitopes on the NC protein with these antibodies seemed to confirm the relationships between alphaviruses obtained in neutralization tests (Calisher et al., 1980) , which reflect similarities only between surface glycoproteins (Trent & Grant, 1980; Calisher et al., 1988) . Corresponding relationships have been found by comparison of the amino acid sequences of the glycoproteins of eight alphaviruses ). An evolutionary tree was constructed, which suggested that all alphaviruses arose from a common ancestor. During evolution, the closely related SiN and WEE viruses formed one branch, and two additional branches were formed by MID, RR, SF and EEE viruses, and by VEE and BF viruses, respectively. As expected, in our study all MAbs reacted with viruses from the first two branches, since SF virus was used to immunize the mice from which the hybridomas were derived, and SIN virus was used for selection. However, none of the antibodies reacted with VEE or BF viruses.
